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This study considers KS processes as outcomes: Knowledge Donation (Don), Knowledge Collection (Col), and the combination of both: Knowledge exchange intensity (Int); and the absence of those: ~Don, ~Col, and ~Int (represented by the use of "~" previous to the outcome). Causal conditions in the fsQCA analysis in this study involve the seniority of the member in the FSC (Sen) and the tools that the members mostly use. Activities and tools considered in this study are: Technical activities (Tec); Social activities (Soc); Use of Asynchronous tools (Asyn); Use of Synchronous tools (Syn); Use of external tools (Ext). Tec involve programming, quality, documentation and support. Tec are directly linked to the software creation cycle (Sommerville, 2003) , and are essential to the community's purpose. Soc gather event organization, evangelism (ambassadors of organizational technologies) and marketing. Soc are important because communities are mostly composed of volunteers (Endres, Endres, Chowdhury, & Alam, 2007) , so the social and hedonistic dimensions of the community are incentives for participation and KS (Bonaccorsi & Rossi, 2003; Iskoujina & Roberts, 2015; Ulhoi, 2004) . Asyn, Syn and Ext involve eight KS tools. The most commonly mentioned tool is mailing list, the most used tool in the FSC (Sowe, Stamelos, & Angelis, 2008) . Asyn are cited more often than Syn: referral sites, bug reporting system, and wiki are more used than instant communication tools such as IRC and Real Time Video. Ext regard blogs and sites external to the community.

Conditions and Outcomes
fsQCA uses data ranging from 0 to 1, so it requires calibration. Calibration is the process of classifying conditions and outcomes from full membership (1) to full non-membership (0), this way different condition levels represent meaningful groups (Crilly et al., 2012; Ragin, 2008) . The calibration procedure implies a theoretical and empirical knowledge on the variables (Ragin, 2005; 2008) . Regarding the outcomes Col and Don, as well as the conditions Syn and Ext, these were coded 1 for "presence" and 0 for "absence" (Ragin, 2006) . The Int outcome data set was generated using the fsQCA software function "variables → compute → fuzzyand" combining Col and Don. 
Analysis and Results
Causal conditions are assessed for necessity and sufficiency. The causal condition's degree of necessity indicates the extent to which it is needed to achieve the outcomes. Necessary conditions should present a consistency score exceeding the threshold of 0.90 (Rihoux & Ragin, 2009 ). The only existing necessary condition is ~Soc which is necessary for ~Col. The causal condition's degree of sufficiency shows the extent to which it can be related to the explanation of the outcome (Fiss, Sharapov, & Conqvist, 2013) . The sufficient condition sets are also designated as configurations (of several causal conditions leading to the outcome in question). There are two configurations leading to Col. Regarding the outcome Don, results show three configurations, as well as two configurations leading to Int. Regarding the absence of the outcomes, there are no configurations leading to ~Col, since it was not possible to identify sufficiency relations is the truth table (inclusion scores were not respected) and therefore it was not possible to derivate complex, parsimonious and intermediate solutions (Thiem & Duşa, 2013) . In other words, we were not able to identify a single combination of conditions linked to ~Col complying with the suggested limits in the literature (Rubinson & Ragin, 2007) . Regarding the outcome ~Don, results show two configurations, and there are three configurations leading to ~Int. All the configurations as well as the reported intermediate solutions regarding the presence and absence of the outcomes present consistency levels that respect the threshold of 0.80 suggested by Ragin (2008) , Crilly (2011 ), or Fiss (2011 . Consistency reflects the extent to which the cases share a given combination of conditions agree in presenting the outcome in question (Ragin, 2008) . Coverage reflects how much of the variation in the outcome is accounted for by a causal condition or combination (Ragin, 2006) similar to the R 2 regarding linear regressions (Fiss et al., 2013) . Specifically, unique coverage shows the relative importance of each particular configuration (Fiss, 2011) .
Causal Configurations
Following the best processes, we report the solutions (Tables 3, 4 , & 5) presenting the causal configurations leading to the outcomes, as well as (Tables 6 & 7) the causal configurations leading to the absence of the outcomes. There are 64 different combinations of logical remainders allowed by the variables in the study. There are 10 combinations in each of the truth tables for each outcome. Core conditions are the ones included in both the parsimonious and intermediate solutions, while peripheral conditions are only part of the intermediate solution (Fiss 2011; Fiss et al., 2013; Ragin, 2008) . 
Discussion
There is a single necessary condition regarding the absence of knowledge collection, which is not engaging in social activities. Not participating in social activities seems to be an important antecedent to the absence of knowledge collection. There is no solution of configurations leading to the absence of knowledge collection meaning there are no sufficient causal conditions. Thus, not engaging in social activities is a necessary, yet not sufficient condition of to the absence of knowledge collection. Results reflect the described assumptions of fsQCA: a) There are alternative (more than one) configurations of causal conditions leading to the outcome (and its absence). There are two alternative configurations leading to knowledge collection; three alternative pathways leading to knowledge donation, and two possible combinations of causal conditions leading to knowledge exchange. It seems important to participate in social activities and use synchronous tools in order to collect knowledge in the FSC. According to our findings, two out of the three configurations leading to knowledge donation are also pathways leading to knowledge exchange, suggesting that members that most donate are engage in collecting also (high scores for both knowledge donation and knowledge collection results in high scores for knowledge exchange). Not using synchronous tools is present in all the configurations leading the knowledge donation and knowledge exchange, indicating such tools may not be decisive for those behaviors. Regarding the configurations leading to the absence of the outcomes in the study, there is no solution for the behaviors of the absence of knowledge collection, meaning the communities' members always collect knowledge. There are two pathways leading to the absence of knowledge donation, reflecting patterns of less generous members, and three configurations leading to the absence of knowledge exchange, corresponding to patterns of members there are less intensive in knowledge exchange. Our findings show that, two out of the three configurations leading to the absence of knowledge exchange are similar to the two pathways leading to the absence of knowledge donation, suggesting that patterns reflecting less engagement in knowledge exchange are coincident to the ones regarding less knowledge donation. There are three configurations leading to knowledge donation and only two alternative ones to the absence of knowledge donation, which seems to suggest that knowledge donation in this FSCs is more possible to occur than the absence of knowledge donation. Regarding knowledge exchange, results show that are three configurations leading to the absence of knowledge exchange and only two alternative ones to knowledge exchange, which seems to suggest that it is less common to be intensively engaged in knowledge exchange in this FSCs. b) There are several causal configurations capable to produce the same outcome (equifinality). There is evidence in support of equifinality, since there are several pathways leading to the same outcome, as well as its absence. Such results are very important for the FSCs leaders/managers dealing with the contributions of the communities' members. Regarding the pathways leading to the absence of the outcomes, not having configurations leading to the absence of knowledge collection clearly shows that members benefit from the FSC, at least there is no way of not collecting knowledge when being a member. On the other hand, our findings bring important information for FSC leaders/managers on the drawbacks of the FSCs regarding the existing patterns of the absence of knowledge donation and the absence of knowledge c) The causal conditions of configurations leading to the outcome may differ from the causal conditions leading to its absence (asymmetry). The use of this technique provides autonomous solutions of causal combinations leading to the presence and the absence of the outcomes (knowledge collection, knowledge donation and knowledge exchange intensity). The configurations leading to the absence of the outcomes do not correspond to symmetrical configurations of the ones leading to the presence of the outcome. In this study there is a very visible example of this asymmetry, because there is no solution leading to the absence of knowledge collection and there are two causal configurations leading to knowledge collection.
Conclusions
Studies regarding the roles and activities in FSCs are normally focused around the technical activities (Bitzer & Schröder, 2005; Reis & Fortes, 2002) or the hierarchical structure of the roles (Jensen & Scacchi, 2007; Madanmohan & Navelkar, 2004) , not exploring the social activities that are also important for the FSC. The social dimension is important for the members of the community (Bonaccorsi & Rossi, 2003; Iskoujina & Roberts, 2015; Ulhoi, 2004) . Social motivations, like fun and social ties, are antecedents of knowledge sharing in FSCs (Balle & Oliveira, 2015) . Thus, people that don't participate in social activities do not collect knowledge, because the social aspects are directly linked to the hedonistic and philosophical motivations of the participants. The main activity of the community is technical, even the participants that do not engage in social activities have other boundaries that make them continue to collect knowledge on the community. The manuscript delivers an original contribution not previously addressed in literature regarding knowledge sharing patterns in FSCs.
Weaknesses and Next Steps
The results offer research opportunities to further study conditions supporting and preventing knowledge collection, knowledge donation and knowledge exchange. Limitations apply regarding the conditions used in the study and the restrictions related to the method used. The constraints of this study regarding its qualitative nature regard the lack of generalization of results. This study was applied in only one community, which can result in some biases. Future studies could use data from other kinds of communities of practice, including corporative FSCs. The comparison between the communities of different realities can decrease biases and lead to robust conclusions.
